Introduction
Up to 10% of cancers occur through the inherited mutation of a group of genes called 'cancer predisposition genes. Individuals who carry a mutant allele of these genes have an increased susceptibility to cancer.
A growing number of cancer susceptibility genes are being identified and the physiopathology of germline mutation-based cancer development is also being elucidated with accumulating clinical and molecular data. New technologies for DNA
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sequencing allow us to analyze simultaneously multiple genes assembled in specific panels and associated with cancer predisposition, offering a useful tool in the common clinical practice of genetic counseling. The characterization of a genetic cause of cancer plays an extremely important role for the treatment, which may differs from the treatment of sporadic disease, and for periodic surveillance.
The first description of inherited cancers was established in "family G" pedigree with an impressive aggregation of colon and gynecological cancers in family members throughout four generations [3] . The family was reinvestigated from Lynch and Krush in 1971 and the predisposition appeared to be inherited in an autosomal dominant manner [4] .
The syndrome was named "Lynch Syndrome" (LS) or HNPCC for hereditary non polyposis colorectal cancers (OMIM #120435), one of the most common cancer syndrome, accounting for 1-3% of unselected colorectal carcinomas. Lynch syndrome is an autosomal dominant condition caused by heterozygous germline mutations in the DNA mismatch repair genes, the PMS1 is recognized as (MMR) genes and its mutations were associated with LS in a few cases PMS1 [5] [6] . Rare cases have been reported of an inherited bi-allelic deficiency of MMR genes, associated with multiple café-au-lait spots, early onset CNS tumors, hematological malignancies, and early onset gastrointestinal neoplasia [7] [8] .
There are also a number of less frequent syndromes with distinctive cancer spectrums. Among them, Familial Atypical Multiple Mole Melanoma (FAMMM#155601) and hereditary melanoma are rare predisposition cancer syndrome in which CDKN2A mutations remain the most common gene association.
Materials and Methods

Clinical Data
Our patient has been referred to genetic counseling by physicians on the basis of her own clinical history described and listed in Table 1 .
The patient is a female of 47 years old at the time of genetic visit, with a remarkable history of cancer disease: at age of 20 she was diagnosed with Hodgkin's lymphoma, treated with chemotherapy and radio-therapy, at the age of 38 she underwent to first surgical treatment for retroperitoneal lymphangioma, which is followed with a second surgical treatment for the same lesion recurrence one year later.
After three years patient was diagnosed with a retroperitoneal mass referred to malignant PEComa, finally at the age of 46 years old she was surgically treated for bilateral breast ductal in situ carcinoma (see Table 1 ). Patient's Family history does not show occurrence of any type of rare tumor at early age. Only two cases of breast cancer disease and two cases of prostate cancer disease were reported in first degree relatives: at the age of 72 and 48 years for the breast cancer and 65 and 74 for prostate cancer respectively, overlapping epidemiological incidence data, as showed on family pedigree.
Family pedigree ( fig.1 ) is drawn in genetic counseling, not informative for cancer risk assessment and thus for selecting specific cancer gene test among known available ones. However some patient's characteristics were suggestive of hereditary disease and it has been considered an indication for genetic testing.
Recognition of the inherited nature of the tumors is important for genetic counseling of these patients and their families.
So we analyze proband's sample DNA from blood, using a panel for multiple sequencing of 94 genes whose mutations are recognized to be engaged in the germline DNA for predisposition to tumor development.
Genetics Analysis
After the patient had signed an informed consent, a sample of peripheral blood was collected. The DNA was extracted from leukocytes using the kit EZ1 DNA Blood 200 μl, and successively analyzed by Next-Generation Sequencing (NGS) using an enrichment protocol (Illumina Trusight Cancer) for the simultaneous sequencing of 94 genes involved in the main hereditary cancer syndromes. The DNA library was prepared starting from 50 ng of genomic DNA and was sequenced on the MiSeq sequencer (Illumina) with MiSeq Reagent Kit v2 (2x150 cycles), according to manufacturer's instructions. The sequencing reads were aligned with BWA MEM [9] against the human reference genome hg19. The resulting BAM files were processed with GATK version 3.2.2 [10] to recalibrate base qualities and realign aligned reads around indels and with MarkDuplicates to remove duplicate read-pairs, that arise as artifacts during polymerase chain reaction amplification or sequencing. To identify all variants in the samples we used Genome Analysis Toolkit Unified Genotyper (GATK, version 3.5) to search SNVs and InDel with minimum fraction of indel of 10% and minimum base quality score of 15. The genomic and functional annotation of detected variants was made by Annovar [11] . Variants were viewed manually on integrative genomics viewer (IGV) to eliminate strand bias and reduce false positive calls. Sequencing quality statistic were obtained using GATK's Depth Of Coverage tool. A second NGS analysis, following the same protocol, was performed to confirm the presence of the mutations identified.
Results
Molecular analysis by NGS reveals the presence of two deleterious germline mutations in two different genes responsible for different predisposition syndromes: Lynch syndrome (OMIM #120435) and Familial atypical multiple mole melanoma (FAMMM#155601).
For Lynch syndrome we have found a novel frameshift mutation in the PMS1 gene, c.1139dupA p.Y380_S381delinsX, that consists in a duplication of a nucleotide (A1140) in the exon9 (NM_000534) and determines an early termination of the PMS1 protein synthesis at codon 380. Only three mutations have been reported in the literature in this gene [5] [6] and, although its classification as MMR gene has been recognized for a long time, its mutations were associated with Lynch syndrome only in very few cases.
In CDKN2A gene, NGS data detected the presence of c.58delG p.V20X, that consists in a deletion of a nucleotide (G58) in the exon 1β (NM_058195) and determines an early termination of the p14(ARF) protein synthesis at codon 20.
These mutations are not present in the ExAC and gnomAD database, also COSMIC database does not report these mutations [12] .
CDKN2A gene encodes two different tumor suppressor proteins by alternative splicing, p16(INK4), a cyclin-dependent kinase inhibitor, and p14(ARF), an inhibitor of the p53-destablization protein MDM2 [13] is an E3 ubiquitin ligase and mediates p53 degradation.
Only few mutations of CDKN2A affecting p14(ARF) but not p16(INK4) have been described in literature [14] [15] .
Unfortunately segregation of these mutations in the father, in the mother and in the proband's child is not available because they did not give their consent to the genetic test and to obtain the surgical specimens as well after patient's death, for this we could not verify whether mutations were present at somatic level within the tumors samples of the patient.
The other 131 exonic variants identified in the patient were filtered on the basis of the frequency in the population lower than 0.01 or unknown (Esp6500, 1000genomes and Exac03) in order to exclude them as polymorphisms. The remaining 4 variants were 2 missense mutations in TP53 (c.587G>A p.R196Q) and WRN (c.3101A>T p.Y1034F) genes and 2 synonymous mutations in EGFR (c.1509C>T p.G503G) and DICER1 (c.G1935A p.P645P) genes. All these variants have been previously described and have been classified as benign or with uncertain significance due to the lack of information.
In conclusion the coexistence of two germline mutations in two different genes, already associated to cancer predisposition syndrome, such as LS and FAMMM have been described.
Discussion
About 5% of all cancer cases are due to high penetrance, dominant germline mutations. A much larger proportion is caused by a combination of weaker susceptibility genes and/or environmental and lifestyle factors. A number of high penetrance susceptibility genes have been identified, and recently, the clinical significance of genetic germline alterations in tumors has started to be appreciated. Scientific and technological advances in genomics are revolutionizing the approach to genetic cancer risk assessment, in fact NGS technologies surely made easier and less expensive the analysis of many cancer susceptibility genes simultaneously. It has to be noted that using multi gene panels could allow the discovery of some disease-causing mutations in different genes stimulating us to reassess the nosography, the clinical and the diagnostic approach to this type of genetic syndromes in patients with evident history of multiple cancer. This will allow us to redefine the cancer risk assessment for every know cancer predisposition syndrome basing the calculation risk for every not only on a single gene mutation but on multiple gene mutations eventually identified. It is likely that further genes associated with different phenotypes in monoallelic and biallelic mutation carriers will be recognized for cancer syndromes.
Routine sequencing patients diagnosed with cancer with multiple genes panels, drive us towards a revision of the clinical classification of the tumor syndromes, better elucidating the phenotypic variability on the basis of the presence of single and/or multiple gene mutations.
Our reported case is an example about the coexistence of different rare novel mutations in different cancer predisposition genes.
The clinical data show that our patient has many tumor manifestations with aggressive characteristics, that's why we it like severe cancer predisposition syndrome.
PMS1 is not considered a classical gene causative of Lynch Syndromes, and it is not evaluated in the common clinical practice, for this reason its implication in the susceptibility to tumor development could be underestimated.
Indeed, this report shows that the deployment of NGS in medical laboratories according genetic counseling, significantly increases the throughput, providing a more accurate molecular diagnosis.
Moreover introducing the molecular analysis of multiple genes in common clinical practice help us to evaluate both clinical and molecular variability of cancer predisposition genes and thus the frequency of this conditions in the general population and more specifically in the various ethnic groups for every know cancer predisposition genes.
Finally we reported for the first time the coexistence of two common genetic syndromes in the same patient: Hereditary Nonpolyposis Colorectal Cancer (HNPCC-LS) and Familial Atypical Multiple Mole Melanoma (FAMMM #155601) ( Table 2) . 
